The incidence of obesity has increased enormously in the past several decades, and has been described as a modern epidemic. Obesity is a major factor contributing to hypertension. To the best of our knowledge, no study of ambulatory blood pressure monitoring (ABPM) comparing men with women in relation to body mass indexes (BMI) has been performed. to p69 years without antihypertensive treatment, atrial fibrillation or diabetes were included for analysis. We consistently found that obese men had the expected increased heart rate compared to normal and overweight men, whereas women (normal, overweight and obese) had similar HRs. In addition, normal and obese women had similar diastolic blood pressures (BP), as opposed to obese men, who had raised diastolic BP. These results may indicate that different pathogenetic mechanisms may be involved in the relationship between obesity and hypertension in men and women.
Introduction
Obesity is a common disorder in both developed and developing countries. 1 During the past several decades, the incidence of obesity has increased substantially and has reached epidemic proportions. 2 Twenty-seven per cent of US adults are obese (BMIX30.0 kg/m 2 ). 1 Obesity rates in Israel are also high and comparable to those in the US. 3 Epidemiologic data support a link between obesity and hypertension. 4 The Framingham Heart Study suggests that 78% of hypertension in men and 65% in women can be directly ascribed to obesity, 5 and a meta-analysis of 25 randomized-controlled trials showed reductions in systolic and diastolic blood pressure (BP) of E1 mm Hg for each kilogram of weight loss. 6 Gender differences in hypertension have been well described. Thus, hypertension is more common in men before 59 years. 7 After menopause, however, BP in women tends to be higher than in men. 7, 8 The effect of obesity on BP gender differences has not been studied. Ambulatory BP monitoring (ABPM) is considered the method-of-choice for the diagnosis and therapeutic monitoring of arterial hypertension, 9 and appears to have better prognostic value for the development of cardiovascular and cerebrovascular damage than office blood pressure measurements. 10, 11 To the best of our knowledge, no study comparing ABPM in obese with overweight and normal adults with respect to gender has been performed. We thus performed such a study in 27 local clinics in Israel.
Methods

Subjects
From December 2002 to May 2006, 5950 subjects (3102 men and 2848 women) with a wide range of BMI (range 15.9-53.2 kg/m 2 ) underwent 24-h ABPM in 27 local clinics in Israel. All ABPM data were concentrated in one centre and were analysed by one of the authors (AK). The indications for performing ABPM were suspected hypertension or white-coat hypertension. We defined as obese those subjects with BMIX30.0 kg/m 2 , as overweight those with BMI425.0 and o30.0 kg/m 2 , and as normal those with BMIp25.0 kg/m 2 . Data on 989 subjects (501 men and 488 women) aged between 18 and 69 years not receiving antihypertensive treatment during the previous three months, and without atrial fibrillation or diabetes were included for analysis (Table 1) .
BMI was calculated as weight (kilograms) divided by height in metres squared. Body-weight was measured in the subjects wearing light clothing and without shoes.
ABPM
An oscillometric device (Boso TM-2430 BOSCH þ SOHN, Germany) with accuracy of arterial BP 73 mm Hg and pulse rate 75% was used in all subjects. This model has been validated by the European Society of Hypertension. 12 An appropriate cuff (size 13 Â 60 cm for lean subjects, 15 Â 60 cm for obese subjects with arm circumference exceeding 35 cm) was attached to the non-dominant arm. Measurements were performed every 15 min during daytime and every 30 min during the night. Only ABPM reports with at least 40 recordings, including at least eight night recordings, were accepted for evaluation. For evaluation of true effect of awake and asleep on BP and heart rate (HR), ABPM intervals were defined as: 0600-2400 h (daytime) and 0000-0600 h (night time). Normal BP was defined as average daytime ambulatory BP o135/ 85 together with average night time ambulatory BP o120/70 mm Hg. 13 Dippers were defined as those with a 410% decrease of mean results between both daytime systolic and night time systolic, and daytime diastolic and night time diastolic BP, respectively.
Statistical analysis
Statistical analysis was performed by JMPIN software, version 3.2 for windows (SAS Institute Inc, Cary, NC, USA, 1996) . In all statistical analyses using Student's t-test, Pp0.05 was considered to be significant.
Results
The clinical data for the 989 subjects are given in Table 1 . Normal, overweight and obese men were of similar ages (40.971.3, 43.570.8 and 42.570.9 years, respectively), and normal weight and obese women were also of similar ages (46.4 þ 0.9 vs 48.0 þ 0.8), but overweight women were older (51.371.0). Normal BP was found in 122 normal (M:F 30.6:40.4%), 77 overweight (M:F 23.6:29.9%) and in 86 obese (M:F 16.1:32.5%) subjects. It was thus less common in men, especially so in obese men. In obese subjects, abnormal BP was slightly more common in men (M:F ratio 1.3:1.0), whereas normotension was much more common in women (M:F ratio 1.0:1.8). The number of non-dippers in all obese subjects was 1.24 times higher than in normal subjects (Table 1) .
In the normal group, we found eight subjects with BMIp18.0 kg/m 2 (five women and three men) and in the obese group 16 subjects with BMIX40.0 kg/m 2 (13 women and three men). Because of the small numbers, these subjects were not analysed separately. Moreover, when we deleted these subjects from analysis, the results were unchanged (not shown).
Average systolic BP (SBP) and diastolic BP (DBP) and HR during day and night, in men and women are shown in Table 2 and HR in Figure 1 . The main gender difference of this study was that in women, HR was similar in normal, overweight and obese subjects, whereas obese men showed a consistently raised HR compared with normal and overweight men, during both daytime and night-time (Table 2) and over 24 h (not shown). As the average ages of the women were greater than those of the men, and in Gender differences in ABPM A Kagan et al order to allow for the effect of pre-menopausal vs post-menopausal periods, all the results were corrected to an average age of 55 years using analysis of variance (ANOVA), that is at an age that can be assumed to be post-menopausal. These results are shown in Table 3 , and it can be seen that the results are identical with those shown in Table 2 . HR was significantly correlated with BMI in men, but not in women whether adjusted to 55-years-of-age (not shown) or without adjustment (Figure 2) . A second gender difference that we consistently observed was that obese men had significantly higher diastolic BP compared to the normal men, during the daytime and at night-time and also after adjustment to age 55 (Tables 2 and 3 ). This increase was not observed in women, where obesity was not associated with a significant increase in diastolic pressures.
Discussion
We performed a retrospective analysis of ABPM, comparing normal weight with overweight and obese male and female subjects. The main finding of the present study in terms of gender is that HR in obese and overweight women was similar to that in normal women, compared to the significantly increased HR seen in overweight and obese men during both day-and night-time periods. Thus in men, HR was significantly correlated with increasing BMI (Figure 2 ), but no correlation was found in women. These findings have not been previously reported.
Our results are in accordance with 25 randomized-controlled trials showing that increased body weight is a strong risk factor for hypertension. 6 The BP was higher in men. Eison et al.
14 found a higher prevalence of hypertension in men during 24 h ABPM in a small group of non-obese patients with mild and untreated hypertension. Our results in a larger population support the finding that men have a higher BP than women, and extend them to obese patients. In general, BP is higher in men than in women below the age of 59 years (the age group of most of our patients), and similar 15 or even greater in women after menopause. 7, 8 Kotsis et al. 16 found a significantly increased BP assessed by ABPM in a large population of obese patients compared to subjects with normal weights. The obese group also had a significantly increased HR, but sex differences were not assessed. In that study, the percentage of males was 52-53%. 16 The reasons for the similar HR in obese and lean women are unclear. A possible explanation is a gender difference in muscle sympathetic nerve activity (MSNA), which has been shown to be consistently lower in women than in men. 17 Furthermore, in men but not women MSNA has interactive effects on HR and systolic BP. 18 We suggest that the faster HR in lean women may 68.170.6 (45.6-100.0) Abbreviations: BMI, body mass index; DHR, daytime heart rate; DSBP, daytime systolic blood pressure; DDBP, daytime diastolic blood pressure; NHR, night time heart rate; NDBP, night time diastolic blood pressure; NSBP, night time systolic blood pressure.
Data are mean7s.e.m.; brackets show range of average data.
n -number of subjects. Gender differences in ABPM A Kagan et al maintain normotension by inhibiting sympathetic vasoconstriction. Alternatively, the effect of higher sympathetic vasoconstriction on BP in lean men may be blunted by slowing of HR owing to an increase in vagal tone. 18 It is known that in obesityassociated hypertension, renal sympathetic tone, as measured by noradrenaline 'spillover' into the renal veins, is high. 19 However, whether there is a difference in sympathetic nerve hyperactivity between obese men and women is unclear.
Almost 20 years ago, Landsberg 20 proposed that the hyperinsulinemia associated with obesityrelated insulin resistance leads to increased sympathetic nervous system (SNS) activity, which in turn contributes to increased BP through chronotropic, vasoconstrictive and antinatriuretic effects. Weyer et al., 21 in agreement with this hypothesis, showed that HR, SBP and DBP were positively correlated with per cent body fat in both whites and Pima Indians. However, the latter have a higher percentage of obesity and lower prevalence of hypertension compared with whites. The authors explain this discrepancy by the lack of increase in MSNA in Pima Indians. MSNA is increased in normotensive obese subjects and still more in hypertensive obese subjects. 22 Furthermore, in obese hypertensives, MSNA baroreflex changes were attenuated. 22 These results confirm the importance of SNS activity in BP regulation and suggest that an increased SNS activity as a mediator for the relation between obesity and hypertension can differ between different ethnic groups. 21 Wofford et al. 23 showed that BP Gender differences in ABPM A Kagan et al is more sensitive to adrenergic blockade in obese than in lean hypertensive patients. These findings suggest that increased sympathetic activity may be an important factor in the maintenance of hypertension in obesity. Whether there is a gender difference in SNS activity is at present unclear.
The SNS also plays a major role in the magnitude of diurnal BP variations. 24 Sherwood et al. 25 showed that the night time fall in the excretion rate of both adrenaline and noradrenaline was reduced in nondippers compared to dippers. Non-dippers are characterized also by heightened responsiveness of a 1 adrenergic receptors. These results suggest that an abnormal diurnal pattern of SNS activation could lead to continued vasoconstriction among nondippers during the night. An alternative explanation might be an increased renal reabsorption of sodium, necessitating a higher night-time BP to drive pressure natriuresis.
An interesting possible connection between obesity, hypertension and SNS activity is leptin. Obesity is associated with hyperleptinemia: leptin, secreted by adipocytes, elicits an increase in arterial BP in obese individuals via a sympathoexcitatory central mechanism and through hyperinsulinemia. 26, 27 It has also been shown that leptin induces vasorelaxation through NO-dependent as well as NO-independent mechanisms. 28 Rumantir et al.
29
did not find a relationship between plasma leptin concentrations, adrenaline secretion rates, and total and regional noradrenaline spillover in lean and obese men. However, it is well known that circulating leptin concentrations in women are higher than in men, especially in obese subjects. 30 Thus, the possible relationship between gender, obesity, SNS activity and leptin deserves further study.
Higher BP in men may be related to high testosterone levels, whereas lower BP in women may be related to low oestrogen levels. 31 In addition, the plasma renin activity in women is lower than in men regardless of age, menopausal state and ethnicity. 32 This contributes to differences in the concentrations of angiotensin II and aldosterone and in sodium reabsorption in the distal nephron. It is not clear if renin, angiotensin II and aldosterone activity differ between obese and lean subjects.
A potential limitation of our study is the fact that analysis of ABPM data was retrospective. However, our results, including a large number of adult subjects, are consistent in part with the findings of Kotsis et al. 16 These authors, in a prospective study, showed significant correlation between mean day and mean night HR and BMI in all subjects. We found this only in men. Another possible limitation of this study is the assessment of obesity by BMI. This was the only information for assessment of obesity that was available to us. However, despite the fact that waist-to-hip circumference ratio (WHR) is superior in its ability to identify cardiovascular risk factors such as hypertension, type II diabetes and dyslipidaemia, after adjustment for age there Abbreviations: BMI, body mass index; DHR, daytime heart rate; DSBP, daytime systolic blood pressure; DDBP, daytime diastolic blood pressure; NHR, night time heart rate; NDBP, night time diastolic blood pressure; NSBP, night time systolic blood pressure.
n -number of subjects. N and O are the comparisons of P-values with normal and overweight subjects, respectively; *Po0.00001; **Po0.001; ***Po0.01; ****Po0.05. BMI, Blood Pressure and HR units: kg/m was no difference between WHR and BMI in terms of association with cardiac risk factors in men. 33 In women after age adjustment, WHR was more strongly correlated only with dyslipidaemia. 33 The major finding of this study is that the obese population shows a gender-related effect on HR, in that HR was similar in normal, overweight and obese women, whereas it was significantly higher in obese men compared to overweight and normal men, and was strongly correlated with BMI. In addition, normal and obese women had similar diastolic BP, as opposed to obese men, who had raised diastolic BP. Obese women also showed a prevalence of nondippers, but not obese men. These results may indicate that different pathogenetic mechanisms may be involved in the relationship between obesity and hypertension in men and women.
